ABSTRACT We announce a proof of the conjecture of Ray and Singer that for a compact Riemannian manifold the analytic torsion and Reidemeister torsion are equal. The proof involves studying the heat equation for certain manifolds M, equipped with metrics g,, 0 < u < 1 which degenerate in a prescribed way at the boundary aM, as u -p 0,1.
The definition is easily seen to be independent of the particular choices pi. For many purposes it is more convenient to work with In r than with r. They were able to prove that In r(M,6) -In T(M,6) is independent of the choice of Riemannian metric; see also ref. 3 for explicit calculations in case M is a lens space. Our purpose here is to announce a proof that T(M,6) = T(M,6) and to describe the main ideas that are involved. Details will appear elsewhere. It has been brought to our attention that the thesis of W. Muller contains some partial results on this problem and that (private communication) he now claims to have obtained a complete solution. THEOREM 1. 1. Let M, 6, r(M,6), T(M,) be as above. Then T(M,) = T(M,6). 2. Structure of the proof The general scheme of the argument is suggested by Hirzebruch's proof of the Signature Theorem. Note that since neither invariant depends on orientation, it suffices to prove the equality for the disjoint union 2M = o(M X I) and 26 = 6 X II o (M X I). By excising a disc from the interior of M X I, we obtain a cobordism between 2M and the sphere Sn. Since any cobordism can be factored into a sequence of simple cobordisms, or put another way, into surgeries, it would suffice to show the following.
LEMMA 2.1. If M1 is obtainedfrom MO by surgery on some imbedded Sk and if 6 extends over the trace of the surgery, then T(Mo,6) = T(Moe) implies r(M1,6) = T(MI,6).
Lemma 2.1 would reduce the proof to checking the equality for any particular example, e.g., a flat torus for which both T and r are easily seen to be 1. In actuality, the argument turns out to be a little more complicated than this because Lemma 2.1 can only be proved directly in case 0 < k < n -1. Because these matters are neither central nor difficult, they will not be discussed any further here.
Let Dm denote the m-disc. I~dO(x)lI -x/V(Sn-k-1)_ lx II 1-n+k
According to 3.1, we cannot always expect the constant in the Sobolev inequality to stay bounded independent of u. As it turns out, the crucial point is that the constant blows up at a rate slower than that at which the area of the inner boundary of Au, goes to zero. (1) If i 5 n -k -1, n -k, n -1, n, then there exists K,X> 0 such that for t > land all n Part (3) of Proposition 4.2 has the consequence that (in h-k I(xo)JI/1lhn-k-1u) -o0 as u -* 0 for any fixed xo e int(Mu). Note that this is consistent with the implications of Theorem 3.1 for large t. For small u, hn-k-1/I hn-k-I 1 1 and bou/ 1 1 bIu 1 1 behave like dO! N|dOIl. PROPOSITION 4.3. (1) Let Xu be as in (2) In T(M,6) = In r(M,6) + C(aM,6).
